Although one-to-one laptop programs are being introduced in many schools, minimal research has been conducted regarding their effectiveness in primary schools. Evidence-based research is needed to inform significant funding, deployment and student use of computers. This article analyses key findings from a study conducted in four Year 7 classrooms in which students were provided with netbook computers as an alternative to more expensive laptop computers. Variable access was provided to students including computer to student ratios of one-to-one and one-to-two. Findings indicated that increased access to the netbook computers resulted in increases in computer usage by these students, compared with their minimal use of computers before the study. However, despite the increased access, actual computer usage remained limited. The article reports that factors contributing to the minimal use of computers included individual teacher agency, a crowded curriculum, and the historical use of computers. Implications for policy and practice are suggested.
Introduction: Investigating one-to-one computing
Since the introduction of information and communication technologies (ICT) in schools in the early 1980s, there have been continual and dynamic changes in the technologies available. Accompanying these developments have been attempts to explore how such technologies have been used in schools to enhance student learning. More than 30 years ago, few educators could have imagined the technological advances in the capacity and applications of personal computers, the Internet, and ICT such as interactive whiteboards (IWBs). These changes in capacity have also been evident in improved affordability, which has been reflected in the movement towards greater access by students to computers aimed at providing one-to-one access. In an Australian context this is evident in the supply of one-to-one computing as part of the Digital Education Revolution. The key driver of this research is the determination of the range of factors that influence the relationship between one-to-one access to netbooks and their actual use by students?
Data collected in this research suggest that the one-to-one or one-to-two availability of computers to students did not result in significant use of the computers in terms of time used. The four classrooms received the netbook computers in four different patterns of access:
1. Class A. Ratio of one-to-one student to netbook access -five days per week for six weeks; 2. Class B. Ratio of one-to-one student to netbook access -three days per week for ten weeks; 3. Class C. Ratio of one-to-two student to netbook access -five days per week for six weeks; and, 4. Class D. Ratio of one-to-one student to netbook access -three days per week for ten weeks.
Although reasonably well resourced through general Federal and State education funding, major ICT initiatives in the school studied are funded via parent levies. The school is ineligible for ICT funding from either the Digital Education Revolution or from Education Queensland systemic funding. The lack of appropriate funding for ICT resources in Catholic primary schools is a key consideration when making decisions regarding the deployment of one-to-one computing.
Russell, Bebell and Higgins (2004) examined whether or not varying computer ratios in elementary classrooms changed the student experience of laptop usage. They studied two classrooms, which were permanently equipped with one laptop for each student, and five other classrooms that shared a cart of laptops to create a one-to-one laptop environment on a temporary basis. That is, these classrooms received the laptops for one week every five weeks. They sought to determine the extent to which this strategy provided a temporary, computer-rich learning environment that was comparable to a setting in which students were provided with their own laptop on a permanent basis. Their research indicated that, although increasing access to computers where each student had his or her own laptop in school would expectedly lead to increased computer use, the magnitude of the difference in computer use was quite dramatic. Whereas students in the shared classrooms reported using computers during class time for between '15 minutes or less' and '15 to 60 minutes' a day, students in the oneto-one classrooms reported computer usage of between '1-2 hours per day' and 'over 2 hours per day' (Russell, Bebell & Higgins, 2004) . The permanent one-to-one classrooms provided several advantages over the temporary one-to-one classrooms. In permanent one-to-one classrooms, students used computers more across the curriculum and the authors also noted a difference in the quality of teacher instruction in the one-to-one classrooms with less large-group instruction than in the temporary one-to-one classrooms.
Although becoming more prominent in schools, some authors suggest that there are concerns over the effectiveness of the high cost of one-to-one computing programs, with increasing resistance by some parents, school administrators, and educational bureaucracies to their implementation (Cuban, 2006; Lei & Zhao, 2008) . At the crux of the issue is the debate as to whether or not one-to-one computer programs, which come at a significant cost, have resulted in improved educational outcomes for students (Romeo & Walker, 2002) . Despite the apparent need for research in one-toone computing, research into the educational uses and student outcomes of laptop programs is still in its infancy (Russell, et al., 2004) and aside from project evaluations, independent research on one-to-one computing is still minimal (Penuel, 2006) . Furthermore, evidence-based approaches to inform effective and informed decision making are limited as much of the evidence presented about the benefits or otherwise of laptop programs has been largely anecdotal in nature (Newhouse, 1997; Newhouse & Rennie, 2001) . Those responsible for determining educational policy require more evidence of the benefits of one-to-one computing programs for learning and teaching (Grimes & Warschauer, 2008) .
Why research is needed for determining actual computer usage in one-to-one environments
As indicated, one-to-one laptop programs, whereby a computer is available for each student, represent an important, contemporary initiative in the field of educational technology. This is in no small part due to their increased popularity and also their perceived potential to bridge the digital and didactic divide that currently exists in schools (Mouza, 2008) . This interest is particularly evident in a plethora of one-to-one initiatives, in the USA, including State-wide deployment to Year Eight and Nine students in Maine (Gravelle, 2003) , widespread use in Florida (Dawson, Cavanaugh & Ritzhaupt, 2008; 2009) , and Pennsylvania (Zucker & Hug, 2008) . Such initiatives are also apparent in Australia, in particular through the Digital Education Revolution Secondary Schools Laptop Program (Department of Education, 2008) . A component of this 'revolution' has been the planned distribution of laptop computers to all Year 9-12 students in Australian secondary schools to enable the 'digital education revolution'.
As a consequence of the national scale of the Digital Education Revolution laptop program, and the broader political and educational interest in one-to-one computing, the need for contemporary Australian research into one-to-one computing to better inform further Federal and State policymakers is necessary. Given the competing demands for resources in schools, research is needed to inform schools regarding the most effective deployment of funds to enable sustainable models of student access to computers, and their most effective use by students for learning (Oxley, 2008) . This article presents the findings of contemporary Australian research, which extends on the work of Russell et al. (2004) by establishing four different patterns of computer access to determine the impact of these patterns on student computer use and suggests that regardless of access patterns, overall student usage of the computers was minimal.
Synthesis of research involving one-to-one computer usage
Although substantial research into computer usage in classrooms has been conducted (Albion, 1999; Gravelle, 2003; Silvernail & Lane, 2004) , the interest in school based ICT, more recently, has focused on the implementation of one-to-one computing programs (see Bateman & Oakley, 2009; Franklin, 2007; Penuel, 2006) . In this article, one-to-one computing is defined as the availability of a mobile, wireless enabled learning device for each student in a class. Liang, et al. (2005) suggest that a number of components are generally present for a classroom to be described as a one-to-one computing environment. Integral to the concept is that each student has access to a device and that there is a device management system to safely store and recharge the devices when they are not in use. In order to facilitate shared access to resources, and also to demonstrate the outcomes of learning, server space and a data projector are recommended.
Possibilities enabled by one-to-one computing access
From theoretical and educational perspectives, research suggests that more widespread access to computers makes it possible for students and teachers in schools to move from occasional, supplemental use of computers for instruction to more frequent, integral use of computers across a multitude of settings (Albion, 1999; Lin & Wu, 2010; Rockman, 2003; ) . This is because teachers and students can begin to conceive of computers as a tool, which is as available to use as pens, paper, and desks in current school classrooms. Beyond facilitating more frequent use of computers in class, enabling better student access to computers can provide students with more equitable access to resources and learning opportunities. Providing students with wireless enabled computing devices gives all students and teachers the ability to use up to date learning resources that before were available only to those who lived close to a library or benefited from school budgets that allowed for regular purchases of new textbooks (Penuel, et al., 2002) . However, the set of ideals noted above are a proposition to be investigated rather than an account of what is occurring in various classrooms operating under a range of different circumstances.
Findings from research conducted in one-to-one laptop computing environments mirror many of the findings of previous studies on the use of computers in other than one-to-one contexts. These findings suggest that one-to-one computing leads to changes to teacher pedagogy, including:
• more student centred approaches (Donovan, Hartley & Strudler, 2007; Swan, Hooft, Kratcoski & Unger, 2005; Zucker & Hug, 2008 ); • flexible and constructivist teaching styles (Mouza, 2008; Rockman, 2003; Zucker, 2004) ; and • delivery of learning episodes which are more project oriented and inquiry based (Swan, Hooft, Kratcoski & Schenker, 2007) .
In regards to student learning, research has shown benefits through:
• increased media literacy (Hill & Reeves, 2002; Rockman, 2003) ;
• improved writing (Gulek & Demirtas, 2005; Mouza, 2008; Ricci, 1999; Rockman, 2003; Russell, Bebell & Higgins, 2004) ; and • increased scores on standardised tests (Gulek & Demirtas, 2005; Stevenson, 1998) .
In terms of a broader positive impact on student performance, other positive effects of ubiquitous laptop computing on students include:
• increased motivation (Mouza, 2008; Ricci, 1999; Russell, et al., 2004; Zucker & McGhee, 2005 ); • improved student engagement (Rockman, 1998; Silvernail & Lane, 2004 );
• decreased disciplinary problems (Silvernail & Lane, 2004) ; and • improved school attendance (Stevenson, 1998) .
Students utilising one-to-one laptops were also found to be better organised (Lowther, Ross & Morrison, 2003) and more independent in their learning (Ricci, 1999; Zucker & McGhee, 2005) . Harris and Smith (2004) noted social and emotional benefits for special needs students who utilised one-to-one laptops. Hounshell, Hill and Swofford (2002) reported improved performance from minority students involved in a one-to-one laptop program, while Lin and Wu (2010) elsewhere reported improvements in learning English.
Factors influencing computer usage in classrooms
Previous research on computers in schools (see Albion, 1999; Franklin, 2007) has noted a range of factors influencing computer usage including wireless connectivity, professional development, software, infrastructure, and pedagogical preferences of teachers. We suggest that these factors can be categorised into two domains using Ertmer's (1999) classification of First or Second order barriers. First order barriers relate more closely to the physical computing environment and include connectivity and the availability of computers. Second order barriers refer to the personal agency of the people involved in computing environments and include ICT competency and pedagogical approaches to computer usage. Due to the strong technical infrastructure in place at the research school, first order barriers identified in other studies (Albion, 1999; Bateman & Oakley, 2009 ) were largely eliminated. Consequently, this article, in summarising findings of the study of netbook use by students, focuses on a range of human factors, including the human response to the altered physical environment, which helped to determine computer usage.
Although the teachers in this research will operate within a robust technical infrastructure, this, of itself, does not guarantee that the netbooks will be integrated into the curriculum. For instance, Penuel (2006) noted that even the perception among teachers, that there may be limited access to timely technical support from schoolbased or district staff, can be enough to hinder their computer usage. As indicated above, concerns surrounding computer implementation, whether perceived or real, are often intrinsic and are referred to here as second order barriers (Ertmer, 1999) . Research into specific technological innovations seems to suggest that many teachers experience difficulty in implementation (Franklin, 2007) , particularly in relation to the implementation of one-to-one computing programs (Larkin & Finger, 2010) . Teacher concerns regarding such innovation appear to cluster around the two themes of curriculum and behaviour management. Significant barriers to computer use in elementary American schools, as perceived by the teachers, included too much curriculum to cover, lack of time in their daily schedule, and high stakes, standardised testing. These factors are explored in this research. Other perceived barriers to the successful use of laptops include an anticipated increase in teacher workload (Zucker & McGhee, 2005) and concerns related to how teaching styles would need to be adapted to effectively utilise the computers (Penuel, 2006) .
Perceptions regarding the usefulness of the laptops in achieving curriculum outcomes are a factor for some teachers in determining computer usage levels. Sarama, Clements and Henry (1998) • subject-matter expertise (Penuel, 2006) ; • ability to link laptop use to learning outcomes and standards (Newhouse & Rennie, 2001) ; and • level of technological, pedagogical content knowledge [TPACK] (Mishra & Koehler, 2006) .
Research suggests that the teachers who most utilised the laptops were those who preferred to implement a constructivist pedagogy (Becker, 2000; Vannatta & Fordham, 2004) , and those who were willing to change their teaching philosophy and beliefs (Vannatta & Fordham, 2004) . We suggest that the second order barriers noted above are evident in any computing environment but become further magnified in one-toone environments such as the one analysed here.
Method
As this research utilised activity theory as the conceptual framework underpinning both the research methodology and also the latter discussion of the findings, it is appropriate to use a 'mixed method' (Onwuegbuzie, 2002) approach. Such an approach facilitated the investigation, at a deeper level, of the beliefs and values of the teachers and students in this study and how these affected netbook usage. Data used to support the arguments in this article were collected by classroom observations, semi-structured interviews, student forums and surveys, and via the use of data logging software pre-installed on each computer. As data logging software has been utilised sparingly in previous research (Swan, et al., 2005) , it is necessary to briefly outline how the direct data collection from the computers was achieved.
The participants in the study were the four Year Seven teachers and the students in their classes. The study took place over the course of a school year. The school had decided to purchase a set of netbooks as a trial to test their appropriateness for Middle Years students. If the trial was successful the school intended to purchase a class set of netbooks for students in Years 5 and 6. Each of the participants received an information package outlining what was expected of them as participants and student participants also required parental approval. The study received ethical clearance and pseudonyms were used for all participants.
Data logging software
Although anecdotal information on computer usage, in terms of duration, was gathered via observations and interviews, in order to more accurately report on computer usage it was preferable to gather data directly from each netbook. This provided a more reliable method of collecting usage data and removed the need to rely on self-reports of usage, a method used in other computer studies (Bateman & Oakley, 2009; Dawson, et al., 2008 Dawson, et al., /2009 Dunleavy, Dexter, & Heinecke, 2007; Zucker & McGhee, 2005) in which data on computer usage were collected. The primary data collection device used here was a computer script, which recorded start-up, logon, logoff, and shutdown events. This data, collected daily from 32 netbooks, was automatically forwarded to the lead researcher in spreadsheet format. At the conclusion of each day, data were manually checked and reformatted in a spreadsheet for ease of analysis.
In order to validate that activity was occurring on the netbooks, and that they were not just logged on but unused, a second recording tool, SpyKeylogger was installed on each computer. This tool collected information on every keystroke and thus provided a wealth of information indicating precisely how the students used the netbooks. SpyKeylogger also functioned as a pro-active research tool in that it provided entry points into the experiences of the students. For ethical reasons, the students and teachers were aware that the software was installed on each computer. To further protect identity, no individuals were identified by the data collected as the data were aggregated for analysis. The keystroke data collected is only used in this article as a means of verifying actual usage times as reported in the logon / logoff scripts.
Findings
It is necessary to contextualise the findings of this research by briefly outlining computer usage prior to the netbook deployment. Each of the four Year Seven classrooms had one designated teacher's computer, which was located on the teacher's desk. Students were occasionally allowed to use the teacher's computer. Each classroom also had three or four desktop computers designated for student use. The data collected from the 80 observation periods conducted prior to netbook usage indicated that computer usage, across the four classrooms, was negligible. Only 15 of the 80 unscheduled observation periods showed any evidence of any computer use. Expressed as a percentage, computer usage was evident on only 18.75% of the classroom observation visits. These observations were confirmed by comments from students in the project who indicated that the classroom computers were used infrequently. Student comments included: In the event that more computer usage was required, the teachers would send students to other classrooms throughout the school to complete their work on the computers in these rooms.
We don't have enough time for everyone to get on the four computers in the classroom unless we are sent to different classrooms to finish on their computers. This increase in usage was relatively consistent across all four classrooms regardless of their pattern of access and hence it is not simply an effect of teacher preference. The data also indicated that, regardless of whether the class had one-to-one or one-to-two access, the two classrooms with three days per week access over ten weeks reported higher levels of netbook use.
Even just having the sixteen is a massive increase in computing access and it changed the way I did things Neville. (Teacher, Class C, May 2009) Although the availability of the netbooks resulted in a significant increase in usage, as compared to computer usage prior to their deployment, in relation to the overall availability of the netbooks (300 minutes per day), usage was low across the four classrooms, as displayed in Figures 1 and 2 . As two of the classes had access to computers in a one-to-two ratio, the usage times indicate netbook usage times rather than individual student usage times. In some instances, two or more students worked collaboratively on the one netbook, on other occasions, half the students worked individually on the netbooks while the other half completed a non-netbook activity. The predominate mode of use in the classes with one-to-one access was one student per netbook, that is, there were very few occasions that netbooks were left in the trolley and students shared devices to work collaboratively on a task or that some students used netbooks and some students worked on a non-netbook activity.
Daily netbook usage per class in terms of usage time and also as a percentage of available time, as shown in Figure 1 , illustrates that, whilst the netbooks were available for 5 hours (300 minutes) per day, the average usage per netbook per day were as follows: Class A (Average daily usage was 54.5 minutes or 18.2% of the school day; Class B (Average daily usage was 90.4 minutes or 30.2%); Class C (Average daily usage was 56.1 minutes or 18.7%); and Class D (Average daily usage was 65.0 minutes or 22%).
Data presented thus far indicate that the average use of the netbooks was approximately 60 minutes per day for three of the classes and just over 90 minutes per day for the fourth class. Over the course of the 30 days, usage fluctuated. On some days, the netbooks were not used and on other days they were used for sustained periods of time. Figure 2 presents data, which indicates the variety of daily usage across all four classrooms. For example, netbooks were used for less than 30 minutes a day for 15% of the occasions they were used. The data presented in Figure 3 indicates that the predominant daily use of netbooks was between 30 minutes and 90 minutes (61%) with the devices used between 30 and 60 minutes, 33% of the time. On many occasions, the netbooks were only used once per day. In these instances the percentages depicted in Figure 3 represent a single session of usage for that day. There were minimal occasions when the devices were used for more than 2 hours in a day, but a considerable number of occasions when they were used for less than 30 minutes per day. The rare occasions of more than 2 hours use occurred on days where sport or other scheduled events were cancelled and the teachers had time to catch up on 'missed' classroom time.
From the data graphically presented in Figures 1 and 2 , it is clear that one-to-one or one-to-two access to computers did not result in substantial computing use of the netbooks by these students. Despite the significant increase in computing access available to students, actual computer usage was very limited. As illustrated in Figure  2 , the range of usage, as a percentage of available time, was 19-31% with 22.5% being the mean daily usage across the four classes. This indicates that the devices were only utilised for approximately one-fifth of the available time in 3 of the classrooms and one third of the available time in the fourth classroom during the 30-day trial. These findings are comparable with the findings of Russell, et al., (2004) who reported usage of 15-60 minutes per day in classrooms, which shared computer access, and usage of between 1-2 hours in the one-to-one classrooms. The data presented here on computer usage are at the lower end of usage time when compared to those reported by Bateman and Oakley (2009) . The primary factors contributing to the level of usage in this project relate to three themes; i) the Technological, Pedagogical and Content Knowledge (TPACK) level of the teachers; ii) lack of time due to a crowded curriculum; and iii) the historicity of tool use. These three key themes are discussed in the following section.
Discussion

TPACK capabilities and their impact on netbook usage
The Technological, Pedagogical and Content Knowledge (TPACK) model (Mishra & Koehler, 2006) attempts to capture some of the essential qualities of knowledge required by teachers which enables them to integrate technology into their practice. Central to this framework is the complex interplay of three primary forms of knowledge. In this model, ICT is considered as a subset of Technological Knowledge. In this conceptualisation, teachers are identified as autonomous agents with power to significantly influence the appropriate integration of ICT into education and to transform the learning experience of students. Mishra and Koehler (2006) suggest that to integrate ICT successfully into classrooms, teachers need to incorporate the three domains of teachers' knowledge: i) knowledge of the curriculum content which the students are required to learn; ii) knowledge of age appropriate ways in which to teach this knowledge; and iii) knowledge as to how technology may be used to facilitate this process.
Jamieson-Proctor, Finger and Albion (2010) note that teachers are well equipped to deliver curriculum content in pedagogically appropriate ways, thus demonstrating Pedagogical Content Knowledge (PCK), but suggest that the Technological Knowledge (TK) component of TPACK is less strong. This perspective was clearly evident in discussions with teachers in this research who each commented that they would have liked to have completed a greater range of activities with the students, but were restricted in doing so by the time constraints noted above and also by a self-identified lack of knowledge of what could be done with the netbooks to enhance the learning experience of the students. For example, Whilst all four teachers recognised the benefits of the netbooks to engage students, and also in making many teaching tasks more efficient, they also acknowledged that it takes time to learn how to teach well when every student has a computer (Zucker & Hug, 2008) . The acknowledgment by the teachers that they lacked Technological Knowledge had implications for the learning of students, particularly in light of the deployment of significant numbers of computers into these classrooms. These implications include: the use of computers to enhance creativity and thinking skills (both required by the National Curriculum); the opportunity to use the computers across a range of curriculum areas rather than just for word processing; and the use of computers to foster greater home-school links so that students can continue their learning online at home. A clear indication from the teachers is that, in order to take advantage of the potential of one-to-one access to support student learning, the Technological Knowledge component of the teaching practice of many teachers needs to be enhanced.
The difficulties of integrating computers, including the lack of Technological Knowledge and the individual philosophy of the teachers in relation to ICT usage, were exacerbated by the arrival of substantial numbers of computers, which were to be incorporated into the classroom environment. These devices caused a disruption to the previously established classroom environments and the response of the teachers towards this disruption was a critical factor in the resultant level of netbook usage.
It would appear from an analysis of the usage data, that netbooks were not considered as integral to the educational practice of these teachers. As a consequence of this decision, a tension results as the netbooks became an additional element to be slotted into what the teachers were already doing (rather than being an accepted component of the system such as desks or pens, or textbooks). This observation complements findings from other research (Bateman & Oakley, 2009; Penuel, 2006) which suggest that computer usage in one-to-one computing environments is strongly correlated with how closely that usage can be aligned with both the pedagogical position of the teacher and also with the current curriculum requirements. For Neville and Jasmine (Teachers Class C and D), the netbooks were not critical for learning and they could largely operate equally well without them.
If the kids need access we go to the lab or we borrow some of the netbooks from Jasmine but it is early in the term so we don't have a lot of use for them so I haven't been chasing them so hard. This attitude to computer usage can minimise improvements in student outcomes as their potential for any widespread effect on teaching and learning is co-opted, diluted, and ultimately diminished (Weston & Bain, 2010) . In addition to the attitude of the teachers towards using the netbooks, a tension evident in the use of the netbooks was the pressure of meeting curriculum demands and how the netbooks either assisted or detracted from meeting these demands.
The crowded curriculum
The experience of teaching in Year 7 classrooms is that significant amounts of direct teaching contact with a class of students is lost due to reasons including non-contact release time, planning days, school and year level assemblies, inter and intra school sport commitments, and extra-curricula or school leadership activities. These interruptions are exacerbated in this particular research context due to the decision of the teachers to implement mathematics groups (students were organised into ability groups for mathematics for four, 1 hour lessons per week), and by rotational key learning area (KLA) activities whereby, every Wednesday, each teacher taught the same 1 hour KLA based lesson. Vernon calculated that each teacher only had face to face contact with their 'home' class for just over three days per week. The other teachers agreed with this assessment.
The timetable does not allow full time use of the computers because Wednesday is out due to rotations and Friday is out because of sport so even getting three days is hard enough. (Wendy, Teacher, Class B, June 2009) Today we had Library, Maths, French, emptied and returned the paper bins, Music. After lunch we have to do the rubbish bins!" (Jasmine, Teacher, Class D, February 2009) In visiting the classrooms during the project it was a common occurrence to witness these interruptions or to discover that smaller groups of students were absent from the classroom completing individual or small group elective activities such as piano, band or speech and drama. As a consequence of these interruptions, opportunities when all of the students were present were precious to the teachers and often precluded computer use.
Compounding the 'usual' disruptions to the school week noted above, the two additional factors in this research which contributed to why the netbooks were most often used for between 30 minutes to 90 minutes per day, were mathematics groups and KLA specialisations. Both of these activities meant that teachers were not with their 'home' class during these times and this impacted substantially on netbook usage. Whilst the teachers were able to use the netbooks during these activities, this option was not exercised to any significant extent by any of the teachers during their respective 30-day period of access. Reasons cited for this lack of use included: the size of the mathematics group in relation to availability of netbooks; lack of knowledge as to how to use the netbooks in specific content areas such as Science or Studies of Society and Environment (SOSE); too much curriculum to cover in the hour dedicated to the specific KLA; and assessment requirements for the KLA not conducive to the netbooks. These reasons coincide with the factors suggested by Franklin (2007) for low computer usage in American schools. It is apparent in this environment, that the teachers perceived the computers as an additional element to be included in the daily activity in the classroom and that to facilitate their use would require a change to their pedagogic and organisational practice and also the broader pedagogic practices of the school. This pedagogic barrier to greater use in the classroom was conceptualised earlier in terms of the TPACK level of the teachers.
Historicity of tool use
A final consideration in an examination of factors contributing to low levels of netbook usage, and one which was evident independent of the netbook pattern of access, pertains to the 'historicity' inherent in the use of computers as an educational 'tool'. Because of their physical and mental attributes, tools shape both the external behaviour of subjects as well as their internal mental processes. Any tool is, at the same time, both enabling and limiting; it empowers the subject in the transformation process with the historically collected experience and skill 'crystallised' to it (Kuutti, 1996) , but at the same time can limit the use of the tool to the historical ways in which it has been previously used. In relation to computer usage, these historical factors include the pedagogical preference of the teachers, their prior experience with computers, and the structure of curriculum and assessment tasks (see Buell, 2003) . Tensions have always been present in relation to computer use in classrooms (for example, enhanced access or how to incorporate their use into the curriculum). However, the past experience of computer use by the four teachers in this project has largely been of computer use being supplementary, or even extraneous, to their pedagogical practice The availability of a large number of netbooks challenged this notion.
The initial response of the teachers, in their use of the netbooks, was to attempt to use them in the same manner as they had historically used their classroom computers: that is, the production of a range of artefacts (such as typed stories) to demonstrate student learning. This resulted in a tension for the teachers as they resolved how to achieve their historically established educational goals whilst incorporating netbook usage. In some cases, rather than developing new activities in light of the availability of the netbooks, an existing learning activity was selected and the use of the netbooks imposed over the top of this activity. Alternatively, activities were deliberately chosen, not necessarily for educational reasons but only because they could incorporate netbook use.
I would use them when the circumstances arose if they were there all year. Now I am planning circumstances just to more often use them. (Neville, Teacher, Class C, May 2009) The potential of the netbooks to impact on student learning was also limited by historicity of pedagogic practice. For example, curriculum and assessment rules, which prescribe what is to be taught and how it is to be reported, constrained the use of netbooks. This was evident during the netbook usage period when Vernon wanted the students to submit their work electronically rather than in hard copy. He was prevented from doing so by a school requirement that the students prepare a paper based portfolio of their work for the parents to view during Parent Teacher interviews. As a consequence of this historically constructed 'rule', the students were required to print out work for these folios, which in turn limited the types of activities which could be completed on the netbooks. Likewise, Wendy could not use online resources such as YouTube or Facebook due to established school policies preventing student access to social networking sites.
Three factors have been identified as contributing to the low level of usage: the lack of Technological Knowledge of the teachers in this study, when coupled with an increasing crowded curriculum and the historical ways that computers have been used in schools, resulted in an environment which made increased usage of computers, despite the increased level of access to computers, difficult for the teachers to accommodate into their practice.
Conclusion and implications for policy and practice
This study reported that, despite the provision of netbooks to enable one-to-one or one-to-two access, the usage of the netbooks was not substantial in terms of the actual student usage. The average daily use of each netbook was 61 minutes per day or 22.5% of the daily available time. However, this usage needs to be considered within the broader understanding that there were frequent interruptions to classroom learning due to non-contact time, school assemblies, rotational and extra-curricula activities. The net result of these disruptions is that the teachers in this school, and we suggest that this is likely in many primary schools, had approximately 12 hours per week, uninterrupted, with their 'home class'. Adjusting for this, the computers were used about 40% of the available 'home class' time in Classes A, C and D and over 60% of this time in Class B. The key finding here is that, although computer usage did not approach full time use, the increased availability of the netbooks provided greater flexibility and opportunity for the students to utilise the netbooks in ways which supported student engagement. The research into netbook usage in these classrooms provides useful implications for policy and practice, which are particularly pertinent in the current Australian education environment where the provision of one-to-one computing policies is a key component of government educational agendas.
A key finding of this research was that netbook usage was greatest in the classrooms which had access to the computers in the one-to-two ratio. This challenges the assumption that one-to-one is the more desirable pattern of deployment. Based on these data, it may be a consideration that, in order to maximise usage of school resources, schools deploy the netbooks in a one-to-two rather than a one-to-one pattern. This decision has significant economic benefits to schools and may be particularly relevant in non-government primary schools as there is currently no direct government funding for the purchase of computers in these schools. In the case of the research school, the difference in purchasing one netbook for each student, as opposed to one between two, is in the order of $325,000. Even if the devices were purchased only for students in Years 5-7, the difference between the provision of one-to-one computing and one-to-two computing would is over $100,000. Such a cost versus use analysis also has implications for the current Digital Education Revolution, which will provide one-to-one computing access for every Australian student in Years 9-12. The study also outlined important educational implications of a one-to-two rather than one-to-one model of access, as well as these obvious economic, funding and resourcing implications. We argue that one-to-one computing decisions need to be informed by educational research. This study has contributed to the need for evidence-based approaches to inform the decision making related to one-to-one computing through the investigation of netbook usage by students provided with varying access to these devices.
